Formation of alpha-aminoadipic and gamma-glutamic semialdehydes in proteins by the maillard reaction.
Recent research has demonstrated that nonenzymatic glycation (the Maillard reaction) lead to the formation of carbonyl groups and advanced glycation end products (AGEs) in proteins. Such oxidative modifications are a major contributing factor to diabetic complications and aging. alpha-Aminoadipic semialdehyde (AAS) and gamma-glutamic semialdehyde (GGS) have been identified as the major carbonyl products in oxidized proteins both in vitro and in vivo. AAS is an oxidative deamination product of lysine residue, while GGS originates from arginine and proline residues. To evaluate oxidative damage to proteins by the Maillard reaction, we developed a method of detecting AAS and GGS by high-performance liquid chromatography (HPLC). The aldehydic residues in proteins were derivatized by reductive amination with NaCNBH3 and p-aminobenzoic acid (ABA), a fluorescence regent. After acid hydrolysis of the ABA-derivatized protein, ABA-AAS and ABA-GGS were measured by fluorometric HPLC. Thus, AAS and GGS could be detected in various proteins such as human plasma protein using the present method. Accumulation of both aldehydic residues was observed in oxidized proteins by reactive oxygen species. Furthermore, AAS and GGS were markedly formed in the incubation of BSA with ascorbic acid. The formation of both aldehydic residues was also observed in the incubation of BSA with 100 mM glucose or 1.0 mM methylglyoxal in the absence and presence of 100 microM Fe3+ for 2 weeks. These results suggest that the Maillard reaction can contribute to the formation of AAS and GGS in vivo.